Disc excursion and opening and closing velocities of prosthetic disc valves can be measured accurately by diagnostic echocardiography. The ultrasound beam is projected along the longitudinal axis of the valve and the echoes arising from the struts, disc, and suture ring are displayed on the oscilloscope. Twenty-four patients with normally functioning mitral Beall valves of various sizes and three patients with prosthetic valve dysfunction (one Beall, two Kay-Shiley) were studied. Table 1 lists the disc excursions with standard deviations of Beall valves measured by ultrasound.
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The 0.06-0.09 cm difference in excursion between models no. 103 and no. 104 valves was detected by ultrasound without prior knowledge of change in design of the valve and demonstrates the extreme accuracy of this technic. The opening and closing disc velocity averaged 22 cm/sec and 40 cm/sec, respectively.
Decrease in-expected disc excursion and abnormal motion patterns were found in three patients with prosthetic dysfunction secondary to thrombus formation, and verified at operation. With continuous changes in valve designs it is important to obtain a baseline excursion and motion pattern 
Methods
The characteristic echo pattern of the Beall valve was first established in an in vitro system previously described. 3 The ultrasonic unit used in this study was a Physionics, type 564 storage oscilloscope with a lead zirconate, flat-faced, 2.25 mHz transducer, 1.6 cm in diameter. A 502 dual-beam oscilloscope was used as a monitor to display ultrasonic echoes in time-motion synchronously with the patient's electrocardiogram. A Polaroid camera was used for making permanent records from the 504 dual-beam during time-motion mode displays. In more recent studies, a model 100 series diagnostic ultrasound svstem made by Unirad Corporation has been used.
Twenty-four patients with normally functioning Beall mitral valves of various sizes were studied, many of them on two or more occasions for a total of 40 ultrasonic examinations. Three patients with prosthetic Circulation, Volume XLVII, June 1973 valve dysfunction were also evaluated. The patients were examined supine with the head elevated 20-3O°. Echocardiogram from a patient with a medium mitral Beall prothesis. During ventricular systole the disc (trace 2) moves rapidly away from the anterior strut (trace 1), and during diastole the disc opens until it strikes the strut. Echo trace 3 arises from the suture ring.
the valve opens and closes. In figure 3 the horizontal axis represents time and the vertical axis represents distance. Velocity is recorded in cm/sec. 4A ). The excursion of the disc with respect to the inferior strut ( fig. 4B ) measured only 0.37 cm. This was a decrease of 40% in expected disc excursion. At operation a collar of fibrogranulomatous tissue was found to extend inward from the myocardium, and prevent proper seating of the disc.
A patient (J.F.) with mitral Beall valve dysfunction, diagnosed by ultrasound, is being reported separately.5 In this patient the disc echo did not merge with the superior strut echo, indicating incomplete opening of the valve. At operation, thrombus was found on the superior strut preventing complete opening of the disc. A third patient (T.M.) with a size 7 Kay-Shiley mitral prosthesis, had experienced severe thromboembolic complications and increasing symptoms of early congestive heart failure. Disc excursion, measured by ultrasound, decreased from 0.63 cm to 0.51 cm over 1 year. Figure 5 is The accuracy of echocardiography is best pointed out by the ability to discriminate between two models of a valve with an increase of only 0.06 cm in disc excursion. These differences were detected without prior knowledge of a change in design of the valves. Additional evidence of accuracy is that the standard deviation for all the examinations was less than 0.05 cm. which suggests that a change in disc movement of less than 1 mm may be accurately measured. This, however, does not mean that the resolving power of a 2.25 mHz transducer is better than 1 mm. Resolution is defined as the closest distance two objects can be brought together, and still be discerned as two objects, which is determined by the wave length of the sound energy, and thus, the frequency of the crystal. For a 2.25 mHz transducer, the limit of resolution is approximately 1 mm. This does not limit the accuracy with which the distance separating two objects greater than 1 mm apart can be measured. This is echo ranging, and can be called the accuracy of registration, and is apparently at least 0.06 em.
It would be difficult to determine normal values for every type of prosthetic valve used, especially Circulation, Volume XLVII, June 1973 Figure 5 Kay-Shiley prosthesis removed from patient T.M. after 5% years. Clot prevented proper seating of disc and an echocardiogram revealed decreased disc excursion.
with minor changes in excursion occuring with changes in valve designs. It is, therefore, important to obtain a baseline excursion and motion pattern for each patient in the immediate postoperative period. The patient can then be reexamined at regular intervals and changes in excursion or motion pattern noted.
The three cases of dysfunction demonstrate how useful ultrasound is in detecting malfunction and how accurate it can be in locating the position of a Ci7rcuation, Volume XLVII, June 1973 thrombus. A decrease in disc excursion indicates improper seating of the poppet and possible thrombus at the suture ring. Failure of the disc to open completely indicates thrombus or foreign matter on the strut. The importance of examining both struts cannot be overstated.
Dehiscence of the suture ring might be detectable if the valve cage changes in its motion pattern. Leakage around the suture ring, however, resulting in mitral regurgitation has been present without causing any noticeable change in motion pattern or disc excursion, as measured with ultrasound. Significant paravalvular leak may possibly be detected by increased stroke volume or cardiac output as measured by ultrasound.
More work is needed before opening and closing velocities can be correlated with ventricular function.
In summation: (1) An echocardiographic technic is described for measuring movements of prosthetic disc valves. (2) The method accurately measures disc movement to less than 1 mm, and has been used in 24 patients with normal valve function and three patients with valve dysfunction. (3) Echocardiography is a useful, noninvasive technic for accurate assessment of prosthetic mitral disc valve movement.
